Background and objective: Adequate analgesia after sternotomy reduces postoperative adverse events. There are various methods of treating pain after heart surgery, such as infiltration with a local anesthetic, nerve block, opioids, non-steroidal anti-inflammatory drugs, alpha-adrenergic agents, intrathecal and epidural techniques, and multimodal analgesia. Content: A review of the epidemiology, pathophysiology, prevention and treatment of pain after sternotomy. We also discuss the various analgesic therapeutic modalities, emphasizing advantages and disadvantages of each technique. Conclusions: Heart surgery is performed mainly via medium sternotomy, which results in significant postoperative pain and a non-negligible incidence of chronic pain. Effective pain control improves patient satisfaction and clinical outcomes. There is no clearly superior technique. It is believed that a combined multimodal analgesic regimen (using different techniques) is the best approach for treating postoperative pain, maximizing analgesia and reducing side effects. © 2015 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/ licenses/by-nc-nd/4.0/).
Introduction
Due to the large number of cardiac surgeries annually performed and correlation between adequate control of postoperative pain and improved clinical outcomes, anesthesiologists must defend and improve the various current analgesic techniques. 1 Poststernotomy pain is a complication of cardiac surgery. The incidence, characteristics, and clinical course of pain are not well understood. It is important to determine the incidence and nature of poststernotomy pain for prevention and treatment of pain syndrome. 2 Poorly controlled pain is associated with sympathetic nervous system activation and increased hormonal response to stress. This response may contribute to the multiple postoperative adverse events, including myocardial ischemia, cardiac arrhythmias, hypercoagulability, pulmonary complications, and increased rates of delirium and wound infection. 3 ---6 Furthermore, severe pain reduces patient satisfaction, delays the onset of walking, and is associated with the development of postoperative chronic pain. 7 Inadequate sputum, atelectasis, and pneumonia also occur due to pain. Immobilization by pain causes deep venous thrombosis, which in turn may result in pulmonary thromboembolism. Pain is also a stress factor and causes myocardial infarction, insomnia, and demoralization. 8 Pain can be classified as acute or chronic, somatic or visceral, and nociceptive or neuropathic. It occurs when tissue injury activates the pain receptors (nociceptors) located in peripheral nerves. During surgery, several procedures can cause tissue trauma, such as incision, coagulation, stretching or shrinkage. There is production and release of substances including prostaglandins and bradykinin, which are pain mediators. 9 Pain may be associated with many surgical interventions, including incision, saphenous vein removal, pericardiotomy or chest tube insertion, intraoperative dissection and retraction of tissue, among others. 10 The evaluation and qualification of acute pain can be very variable and depend on the interval between assessments, as well as the instrument used to quantify. Several scales are used in clinical practice to measure pain, including numeric scale, visual analog, verbal, and facial expression, among others. Some scales are more suitable than others for particular patient populations. The facial expression scale can be used both for patients unable to communicate verbally and patients with tracheostomy.
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Epidemiology
Postoperative pain treatment is important because it is an unavoidable problem involving about 80% of patients undergoing any surgery. Pain is subjective and perceived differently by each patient. However, an inadequate control of pain is common due to fear of side effects of analgesics, both among surgeons and patients. 10 Despite widely publicized, postoperative pain remains underestimated. Several studies have shown that despite the best treatment results, many patients still suffer from moderate to severe postoperative pain. 11, 12 In a study assessing the intensity of expected pain after most surgical procedures and identifying the procedures in which the current pain therapy is insufficient, 115,775 patients were evaluated in 578 surgical centers. On the first postoperative day, the patients were asked about the most severe pain since surgery, through a verbal numeric scale (0---10). The authors concluded that the 40 procedures with the highest pain scores (mean of 6---7) included 22 orthopedic surgeries or limb trauma. Patients reported high pain scores after minor surgeries, including appendectomy, cholecystectomy, hemorrhoidectomy, and tonsillectomy, while other major surgeries, such as abdominal, resulted in lower pain scores, often due to adequate epidural analgesia. 13 Studies have described the incidence, severity and risk factors for poststernotomy acute pain. In a study of patients undergoing coronary artery bypass graft, patients were evaluated for four days after surgery. The patients reported more pain than expected: 49% reported severe pain at rest, 78% complained of severe pain when coughing and 62% during movement.
Younger patients seem to be more at risk of developing chronic pain. 15 Patients younger than 60 years had more severe pain than older patients in the early postoperative period after cardiac surgery. 16 The site of internal mammary artery dissection appears to increase the incidence of postoperative chronic pain. 17 Myofascial syndrome is also common after sternotomy and may contribute to chronic pain. In a review of 1226 patients undergoing sternotomy, the incidence of myofascial syndrome was 15.8%, but in patients with dissected internal mammary artery, the rate was 75.5%. 18 In another prospective study of 705 patients undergoing cardiac surgery, pain related to the activities was assessed daily until the sixth postoperative day. The patients reported the most severe pain when coughing, after movements, turning around or getting up from bed, and during deep breathing. Although pain scores were high in the immediate postoperative period, patients reported a mean pain score of 4.33 when coughing and of 3.09 during deep breathing on the sixth day after surgery. 19 In one study, the early removal of chest drains in the first postoperative day, compared to the third day, also reduced pain severity. With the early removal, patients had less pain in the epigastrium, chest, and shoulder on the third postoperative day, without adverse event. 20 Another factor that reduced surgical pain severity after sternotomy is the pleura preservation, which also improved pulmonary function after surgery.
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Chronic pain
The importance of pain in the early postoperative period as a chronic pain predictor after sternotomy is still uncertain. It was suggested that the severity of postoperative acute pain and the need for large amounts of analgesics during the first postoperative days may be predictive of chronic pain. Thus, it is important to treat the postoperative acute pain in order to stop the possible central and peripheral neural mechanisms responsible for the transition from acute to chronic pain. 2 The authors of a study evaluated chronic pain in two groups of patients after sternotomy. Patients with myasthenia gravis undergoing thymectomy and those with mammary graft answered questionnaires. There was no difference in postoperative pain duration. Chronic pain was localized, mainly at the site of sternotomy after thymectomy; while after coronary artery bypass graft, it was also located in the upper and lower limbs. 15 Brachial plexus neuropathy was attributed to the fractured fragments of ribs, internal mammary artery dissection, patient positioning during surgery, and central venous catheter place of insertion. 22 Neuralgia of the saphenous nerve was reported after resection of saphenous vein for coronary artery bypass grafting. 23 In a prospective study, the incidence of chronic pain was evaluated in patients undergoing sternotomy for cardiac surgery. A group of 349 patients was assessed one year after surgery. Of the 318 patients who answered the questionnaire, 28% reported a chest discomfort different from the one prior to surgery. In 13%, the visual analog scale maximum score was 30 mm (moderate pain) and in 4%, it was 54 mm (severe pain). The most common descriptions of the group for pain were: painful prick, penetrating, and burning. The authors concluded that, although the number of patients with poststernotomy pain is high (28%), only a small portion referred severe pain after sternotomy. 2 Chronic pain after heart surgery may become problematic. 15, 24 The cause of persistent pain after sternotomy is multifactorial and includes tissue destruction, intercostal nerve trauma, scar formation, rib fractures, sternal infection, stainless steel sutures and/or costochondral avulsion. Such pain is often located in the arms, shoulders or legs. 25 In a study of 244 patients after cardiac surgery by sternotomy, persistent pain (defined as pain persisting for more than two months after surgery) was seen in almost 30% of patients. 24 The incidence of persistent pain anywhere was 29% and for sternotomy it was 25%. Other common sites were shoulders (17.4%), back (15.9%), and neck (5.8%). However, this pain was commonly described as average pain, only 7% of patients reported interference with daily activities. The most common words used to describe the pain were annoying (57%), uncomfortable (33%), boring (30%), penetrating (25%), stressful (22%), sensitive (22%), and gripping (22%). The temporal nature was mostly reported as brief/transient and periodic/intermittent. Twenty patients (8%) also reported symptoms of numbness, burning pain, tenderness over the saphenous harvesting site, and symptoms suggestive of acute coronary syndrome. Thus, they concluded that moderate pain after cardiac surgery and sternotomy is common, although it only rarely substantially interfere with daily activities.
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Pathophysiology of acute pain
Postoperative pain mechanisms are complex, but generally speaking, in addition to the nociceptive stimulus from direct tissue trauma, an inflammatory response leads to peripheral and central sensitization in pain experience. Most of the pain after sternotomy occurs because of tissular damage in the skin, subcutaneous tissue, bone, and cartilage. 1 The intercostal nerves that arise from the thoracic nerve roots innervate the sternum, ribs, and the adjacent subcutaneous tissue. The main thoracic nerves that supply the sternum range from T2 to T6. The parietal pleura is also densely innervated by pain fibers that can be activated by both mechanical and chemical stimulation. In contrast, visceral pleura has no significant sensory innervation. Pericardium is innervated by sensory fibers from the vagus and phrenic nerves and sympathetic trunk. 1 Several inflammatory mediators are released following tissue injury in surgery, including ions (sodium, potassium and calcium), bradykinin, substance P, histamine, adenosine triphosphate, nitric oxide, prostanoids, and leukotrienes. Some of these molecules directly activate nociceptors, whereas others work by indirect mechanisms. These inflammatory molecules play an important role in the central and peripheral neuronal sensitization before subsequent stimulus.
Pain treatment
It is usually difficult to achieve satisfactory pain relief after cardiac surgery. Inadequate analgesia or stress response not inhibited during the postoperative period may increase morbidity by hemodynamic, metabolic, immunological, and hemostatic changes. 1 Pain is subjective and perceived differently by each patient. Inadequate pain control is common due to fear of side effects of analgesics, both among surgeons and patients. 10 Traditionally, analgesia after heart surgery can be obtained with the use of intravenous opioids (particularly morphine). However, they are associated with harmful adverse events (nausea, vomiting, pruritus, urinary retention, and respiratory depression). Furthermore, long-acting opioids such as morphine may delay postoperative tracheal extubation due to excessive sedation and/or respiratory depression. 25 For early extubation, anesthesiologists are exploring other options besides the traditional intravenous opioids to control postoperative pain. No technique is clearly superior; probably, a multimodal approach with a combination of analgesics and techniques is the best method to control postoperative pain, maximize analgesia, and minimize adverse events.
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Opioids
Intravenous opioids have been administered to patients undergoing cardiac surgery. Analgesia is reliable and can be used for long period. Disadvantages include pruritus, nausea and vomiting, urinary retention, and respiratory depression. 26 Intravenous patient-controlled analgesia (PCA) has been used extensively and is a safe and effective method for postoperative pain management. 27, 28 PCA was superior to nurse-controlled analgesia in poststernotomy patients. 29 In a small randomized study, 50 patients received morphine, fentanyl, meperidine, remifentanil or tramadol with no differences in pain scores, except for patients receiving tramadol who had higher pain scores. 30 The authors of another study of intravenous PCA with remifentanil, morphine or fentanyl reported no differences in pain scores. However, patients who received morphine had a higher incidence of nausea and vomiting, while the fentanyl group had more pruritus. 31 In a study of 60 patients receiving intravenous morphine for pain control after sternotomy, pain scores were lower in patients who received the combination with bolus infusion than those treated with bolus alone; there was no difference in sedation scores and there were no episodes of hypoxia. 32 Also, there was no difference in pain scores or adverse events in another similar study of 100 patients, with intravenous morphine infusion associated with bolus or bolus alone. 33 Opioids are also involved in a variety of physiological functions, including pituitary management and activity and release of adrenal medulla hormone; cardiovascular and gastrointestinal function management; and breath, mood, appetite, thirst, cell growth, and the immune system regulation. 34 Opioids may cause various adverse events including respiratory depression, pruritus, nausea and vomiting, urinary retention, constipation, bronchospasm, and hypotension, among others. The potential and well known adverse effects of opioids can limit postoperative recovery. 1 In summary, opioids are more effective for treating pain after cardiac surgery, particularly when administered by PCA. It seems that there are no clinically significant differences between opioids, and current evidence does not support the use of baseline infusion associated with bolus. Adverse events should be considered when choosing a drug, but if several drugs are appropriate, the cost should be considered.
1 Patients' clinical changes should be considered when selecting a drug.
Anti-inflammatory drugs
Anti-inflammatory drugs are the most commonly used drugs for postoperative pain treatment. In cardiac surgery, concern about adverse events, such as changes in the gastric mucosal barrier, renal tubular function, and inhibition of platelet aggregation, limits the use of these analgesics. In a study, indomethacin promoted reduction in morphine consumption by PCA and pain scores in the immediate postoperative period of cardiac surgery. There were no differences with patients receiving placebo regarding tracheal extubation time or postoperative blood loss. The authors concluded that the combination of indomethacin suppositories with morphine after cardiac surgery results in a reduction of pain scores and opioid consumption without increasing adverse events. 35 In another study, the use of diclofenac reduced morphine consumption for analgesia after coronary artery bypass graft, via sternotomy, and the same did not occur with ketoprofen or indomethacin versus placebo. 36 However, other authors obtained no benefit with anti-inflammatory drugs or with paracetamol in patients undergoing cardiac surgery. 36, 37 Proparacetamol, a prodrug of acetaminophen, did not promote reduction in pain scores, oxycodone consumption, and patient satisfaction for analgesia after coronary artery bypass graft via sternotomy. 37 Etodolac and diclofenac provided slightly better postoperative analgesia (assessed by the analgesic visual scale scores and morphine consumption), and with fewer adverse effects (assessed by antiemetic therapy) than tramadol for postoperative analgesia. 38 
Infiltration with local anesthetic
The pain after cardiac surgery is generally related to sternotomy, peaking during the first two days after the operation. Due to adverse events associated with intravenous infusion of opioids and anti-inflammatory drugs (gastrointestinal bleeding and renal dysfunction), optional methods for postoperative analgesia were thought. 25 The postoperative pain treatment with continuous infusion of local anesthetic in the surgical wound was described after several surgeries in addition to heart surgery. 39 In 36 patients undergoing cardiac surgery, two catheters were placed (one in the subfascial plane above the sternum and the other above the fascia under the skin) in the sternotomy incision at the end of surgery. Patients received 0.25% bupivacaine, 0.5% bupivacaine or saline solution by continuous infusion (4 mL h −1 ) for 48 h after surgery. There was no difference in extubation time. There was better pain control and lower morphine consumption by PCA postoperatively with 0.5% bupivacaine. The authors concluded that continuous infusion of 0.5% bupivacaine (4 mL h −1 ) is effective to reduce postoperative pain severity and need for supplementation with opioids, as well as to improve patient satisfaction (early ambulation and reduced hospital stay) after cardiac surgery. 40 
Nerve block
There has been increased use of nerve block to treat postoperative pain due to the rise in popularity of minimally invasive cardiac surgeries, via minithroracotomy.
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Spinal analgesia
The techniques with opioids and/or local anesthetics provide reliable postoperative analgesia in patients after cardiac surgery. 43 The physicochemical properties of an opioid determine its onset of action, duration, and power via subarachnoid route. 1 Epidural and subarachnoid anesthesia and analgesia (with local anesthetics or opioids) can inhibit the stress response associated with surgical procedures. Another advantage in cardiac surgery is the heart and thoracic sympathectomy. 44 Subarachnoid morphine has been used as an adjunct to general anesthesia in cardiac surgery, with better control of postoperative pain and reducing venous opioid requirements. 1 General anesthesia associated with subarachnoid morphine and clonidine reduced pain scores and improved quality of life indicators. 45 Subarachnoid morphine improved pain control and pulmonary function tests, but there was no difference in extubation time. 46 Subarachnoid morphine facilitated tracheal extubation and provided reliable postoperative analgesia. 47 Subarachnoid morphine provided significant analgesia postoperatively. 48 Subarachnoid morphine associated with general anesthesia reduced pain scores, decreased opioid consumption, and improved pulmonary function tests, in addition to minimizing respiratory depression. 49 In other studies, the authors concluded that there was no benefit with the use of subarachnoid morphine. 50 Subarachnoid bupivacaine attenuated stress response. 51 Epidural administration of fentanyl and bupivacaine provided reliable analgesia after cardiac surgery. 52 There was no increased risk of hematoma following administration of bupivacaine or ropivacaine (bolus plus infusion) for epidural anesthesia in cardiac surgery. 53 With bupivacaine and fentanyl up to the third postoperative day, there was a reduction in ICU length of stay, early extubation, lower pain scores, and better results in pulmonary function tests and PaO 2 /FiO 2 ratio.
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Conclusions
Good quality postoperative analgesia is important because it can prevent hemodynamic, metabolic, immunological and hemostatic changes, all of which have the potential to increase postoperative morbidity.
Patient education and the establishment of protocols for pain management are essential.
A large number of approaches can be used to treat acute pain after the surgery, including epidural or subarachnoid, paravertebral and intercostal blocks, intravenous opioids via PCA and adjuvants. However, systemic venous opioids are the mainstay of pain treatment after cardiac surgery. As a general rule, the use of a single type of therapy to treat postoperative pain should be avoided.
